The most popular aluminum alloys for semi-solid automotive components are A356 and A357. The density of rheocast semi-solid A357 is higher than die cast A357 and allows for both T5 and T6 heat treatment. The mechanical properties of rheocast semi-solid A357 was found to be more dependent upon the heat treat schedule and casting soundness than by the solid content of the semi-solid slurry or the globule shape.
INTRODUCTION
Two casting technologies have been developed for producing semi-solid metal (SSM) components, thixocasting and rheocasting. In the thixocasting process, a solid billet, with a fine-grained equiaxed microstructure, is partially remelted to the semi-solid state. The billet is then transferred to the shot chamber of a die cast machine and injected into a die. Rheocasting involves stirring the alloy during solidification to produce a semi-solid slurry, then injecting the slurry directly into the die. These two fundamentally distinct approaches are illustrated in Figure 1.
The rheocasting process offers several advantages over thixocasting:
• Reduced process complexity -A multi-station heating system is not required, nor is a robotic transfer system.
• Increased shot size flexibility -There are no shot size restrictions related to the billet height to diameter ratio.
• Alloy modifications can be made in house.
• Solid fraction can be tailored to the application -Billets have a narrow solid fraction working range.
• Unrestricted metal suppliers -Die cast ingots are readily available from several sources and cost less than the specially prepared thixocasting billet.
• In house scrap recycling -Scrap can be remelted and used again, whereas in thixocasting, the metal must be returned to the supplier to be recycled into new billets.
• Lower cost, as compared to other semi-solid processes. This paper will discuss the effect of processing on the mechanical properties of rheocast semi-solid A357 aluminum cast. 
EXPERIMENTAL MATRIX
Rheocast half-inch diameter tensile bars (ASTM E8) were cast at various combinations (Shot Profiles) of solid fraction, shearing rate, and holding time as shown in Table I . The mechanical properties, density and microstructure were analyzed in the as-cast, T5 and T6 heat treated condition. An alpha-numeric designation was assigned each shot profile starting with the solid (5 to 25%) content of the slurry, followed by a letter to designate the shear rate (Low or High), and then the heat treat condition (A for as-cast, 5 for T5, or 6 for T6). Example: 25LA designates the shot profile 25% solid, low shear rate, as-cast condition. The high shear rate level was approximately 1.67 times the low shear rate. The solid content of the slurry was controlled via the temperature of the furnace (±1 °C). Traditional tip lube was applied by hand every third shot and a squeeze cast die spray was used to minimize gas entrapment. The ram profile was not changed for the duration of the experiment, nor were the other casting parameters such as metal pressure and gate velocity.
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RESULTS AND DISCUSSION
CHEMISTRY -The most popular aluminum alloys for semi-solid automotive components are A356 and A357. [1] [2] [3] [4] [5] These alloys have a relatively high eutectic content and offer a range of mechanical properties when heat treated. The alloy chosen for this study was A357 aluminum with the chemical composition shown in Table  II. MICROSTRUCTURAL EVALUATION -A Princeton Gamma-Tech Imagist system was used to quantify the percent solid and globule circularity of the as-cast microstructure ( Figure 2 ). Figure 3 shows the actual percent solid of the slurry compared to the predicted levels outlined in the experimental matrix. The correlation between the two is pretty good considering that chemistry variations, as allowed within the specification limits, will affect the liquidus temperature and thus, the fraction solid.
Circularity was measured to quantify the effect of shear rate and percent solid on the size, shape, and agglomeration of the globules. Circularity is defined as the square of the ratio between the maximum dimension of the feature divided by the area equivalent diameter of the feature. The area equivalent diameter is defined as the diameter of a circle with the same area as the feature. For a perfect circle the circularity would be one. 
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The density of the tensile bars (D B ) can be determined by weighing the tensile bars dry and suspended in water according to the equation (2) where M D is the dry mass of the tensile bar and V is the volume of the test bar. The volume of the tensile bar can be calculated according to the equation (3) where M W is the mass of the tensile bar suspended in water and ρ w is the density of water. Figure 5 shows the calculated density of the various ascast shot profiles compared to the theoretical density of 2.6703 g/cm 3 and the density of tensile bars cast with 100% liquid. The as-cast density of the semi-solid material does not appear to be a function of solid fraction and is significantly better than the liquid cast samples. The higher density is indicative of the lower porosity levels associated with semi-solid casting.
MECHANICAL PROPERTIES -One attractive feature of semi-solid A357 aluminum is that it can be given either T5 or T6 heat treatments. Table III lists the mechanical properties obtained with the rheocasting process in the as-cast, T5, and two different T6 conditions. The vastly different properties obtained with the two T6 heat treatments indicates that further study is required to find the optimal heat treat schedule. Figure 6 shows the ultimate tensile strength, the yield strength, and percent elongation as a function of shot profile, in the as-cast condition. The ultimate tensile strength appears to be independent of the shot profile. The as-cast yield strength and percent elongation possibly show some sensitivity to percent solid, with the yield strength increasing and the percent elongation decreasing as the percent solid increases. This trend is not strong enough to be considered significant. Figure 6 . Ultimate tensile strength (UTS), yield strength (YS) and percent elongation (% E) as a function of shot profile for the as-cast condition.
The ultimate tensile strength, yield strength, and elongation appear to be independent of shot profile in the T5 condition, as shown in Figure 7 . There does appear to be more variation in the elongation data. The ultimate tensile and yield strengths are also independent of shot profile in the T6 condition, as shown in Figure 8 . The elongation decreases significantly at solid contents of 15% and higher. This decrease is related to the density of the samples in the T6 condition. Figure 9 shows the correlation between density and elongation, as a function of T6 shot profile. The decrease in density, at solid contents of 15% and higher, is most likely related to the type of porosity in the test specimens.
There are two types of porosity associated with the die casting process. That which forms as the liquid solidifies (shrinkage porosity) and that associated with gas entrapped during the casting process. Shrinkage porosity decreases with increasing solid content, as there is less liquid to solidify. Seeing that the density was relatively constant across all the as-cast profiles, the amount of entrapped gas porosity must have increased to balance the decrease in shrinkage porosity. The density of the T6 samples thus decreases as the gases expand during heat treatment. The most likely source of the gas porosity was the tip lube or the die spray. Figure 9 . Density -Elongation relationship in the T6 condition.
CONCLUSIONS
• The density of rheocast semi-solid A357 is higher than conventional die cast A357 and allows for both T5 and T6 heat treatment. • The mechanical properties are more dependent upon the heat treat schedule and casting soundness than by the percent solid prior to casting or the globule shape.
• The consistency of the microstructure and mechanical properties over the entire test matrix shows the process to be a robust manufacturing process.
